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tal concentration in soils was undertaken. The digestion procedures, two leaching and a total dis-
solution processes were compared for twenty-one soil samples. The soil standard reference materials
(SRMs), IAEA Soil-5 and IAEA Soil-7 were analysed for quality control purposes. Zinc (Zn) was
analysed using ﬂame atomic absorption spectrometry (FAAS). Precise analysis was accomplished in
the SRM and soil samples, which was better than 4.7% for leaching and total dissolution proce-
dure. Compared with the elemental concentration in soil samples, HF–HClO4 procedure achieved
greater accuracy, where as HNO3–H2O2 and HNO3–H2SO4–HCl procedures were comparable with
slight variation in a few samples.
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lsevier1. Introduction
Zn occurs ubiquitously in environmental and biological sector
and makes up 0.012% by weight of the earth’s crust with an
average concentration of 70 lg g1 (Welz and Sperling, 1999;
Thomas, 1991). It is found in air, soil, water and in food.
The average natural level of Zn concentrations ranging be-
tween 10 and 300 lg g1 dry weight (dw) in non-contaminated
soils and up to 100 lg g1 dw in sediments (Simon-Hettich and
Wibbertmann, 2005). Zn is released into the environment by
natural processes, but most comes from activities of people
(Puranik and Paknikar, 1997; Sandstead and Au, 2005). Zinc
compounds are expected to have low mobility in soils. It at-
taches to soil, sediments, and dust particles in the air. Most
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solve in water (ATSDR, 2005).
The distribution and transport of zinc in water, sediment
and soil are dependent upon the species of Zn present and
the characteristics of the environment. Concentrations of met-
als in environment may increase as a direct result of anthropo-
genic activities. Concern over the potential eco-toxicological
hazards posed by high levels of metals in the environment
has led a search to ﬁnd reliable, low cost methods of assessing
the extent of metal contamination at a locality and the expo-
sure risk to indigenous biota (Hertel et al., 1991; Keane
et al., 2001; Petersen et al., 2002). Wet acid dissolution of soil
samples is one of the most signiﬁcant steps prior to trace ele-
ment determination in soils. As sample digestion is always sub-
ject to introducing other compounds into sample that reﬂects
in the quality of analytical work. Therefore, analysts work
hard to simplify the preparation procedure in order to mini-
mize the added foreign components. The quantiﬁcation of met-
als at trace level in soil is required in the assessment of
occupational and environmental exposure to toxic metals.
For monitoring and research purpose, soils are subjected to
heavy metals analysis for cleaning up contaminated soils and
land application of metal-bearing non-hazardous materials
(Abdu et al., 2007).
The mobility of Zn in soil increases at low soil pH and oxi-
dizing agents or metal ions like Cu2+, Ni2+ and Co2+ acceler-
ate the dissolution of zinc (Simon-Hettich and Wibbertmann,
2005). Some researchers while studying the inﬂuence of Zn
absorption on soil found that low pH detained a decreasing
trend in Zn absorption, and increasing levels of soil organic
matter increased extractability of Zn (Hertel et al., 1991; Shu-
man, 1975; Luis, 2001; Adiloglu and Kursun, 2003).
A considerable effort has been directed to the development
of rapid and reliable digestion method for the analysis of trace
metals in soil. The use of different acid mixtures is documented
in the literature (Bodar et al., 2005). The present paper reports
on comparative study of Zn by employing three different
digestion procedures. Digestion procedures adopted involve
wet digestion using nitric acid–hydrogen peroxide, nitric
acid–sulphuric acid–hydrochloric acid and hydroﬂuoric acid–
perchloric acid mixture. Signiﬁcant difference in metal con-
tents could be related to the destruction method applied. This
study, therefore, aims to assess the performance of selected
method to minimize the time required for the whole analytical
procedure for the determination of Zn in soil using AAS tech-
nique (Shuman, 1975; Vaisanen and Suontamo, 2002).2. Experimental
2.1. Reagents
All the chemicals used were of highest available purity and at
least analytical grade. Nitric acid, sulphuric acid, hydroﬂuoric
acid and hydrogen peroxide were purchased from Merck.
Hydrochloric acid and perchloric acid was the product of
BDH. Stock solution of Zn was prepared by dissolving
0.6191 g of ZnO (Johnson &Matthey, Royston, UK Specpure)
in minimum amount of distilled nitric acid and diluted with
water in 500 ml volumetric ﬂask. Doubly distilled deionized
water was used in preparation of all solutions. Working stan-
dard solutions of Zn were obtained by appropriate dilution ofthe stock standard solution in 0.2% v/v HCl daily. The glass-
ware used was cleaned by soaking in nitric acid (10%, v/v) for
overnight and rinsed several times with deionized distilled
water before use. Soil samples were collected from various
locations of Pakistan by random sampling (5 kg each). The
soil samples were frozen after collection and air excluded to
avoid oxidation of metal sulﬁdes and transformation of chem-
ical forms. The samples were air dried, homogenized for one
day, and sieved through a 100 lm mesh size sieve; sub samples
were taken. Eppendorf micropipettes were used for transfer of
liquids. An assessment of the analytical accuracy was realized
by using standard reference materials, Soil-5 and Soil-7, ob-
tained from IAEA (International Atomic Energy Agency).
2.2. Instrumentation
Atomic absorption spectrophotometer, Hitachi Model Z-8000,
Japan, equipped with Zeeman background correction mode
with hollow cathode lamp was used throughout. The acetylene
ﬂow rate and the burner height were adjusted in order to ob-
tain the maximum absorbance signal while aspirating the stan-
dards and sample solutions into the nebulizer of the
spectrophotometer. A minimum of three absorbance values
were recorded and average of absorbance values was used
for further calculation.
2.3. Sample dissolution procedure
2.3.1. Nitric acid–hydrogen peroxide method
Soil samples were oven-dried at 105–110 C. 0.5 g soil sample
was slurried with 0.5 ml of water to minimize sample splash
and facilitate rapid reaction with the acid. 10 ml of concen-
trated HNO3 was added to the slurry in a 250 ml beaker cov-
ered with a watch glass. After two hour acid digestion at
100 C on a hot plate and cooling for 15 min, 3 ml of 30%
H2O2 were added drop-wise to the extraction mixture. Heating
was continued for another hour with intermittent stirring by
gentle swirling of the beaker ﬂux. The cooled digestate was ﬁl-
tered through a G. crucible No. 4 into a 25 ml volumetric ﬂask
in a vacuum bell. The ﬁltered digestate was diluted with dis-
tilled deionized water to 25 ml in a volumetric ﬂask and used
directly for analysis by atomic absorption analysis. A blank
solution was prepared in the same manner.
2.3.2. Sulphuric acid–nitric acid method
Weighed 0.5 g of oven-dried soil sample ground to 100 lm and
placed in a 250 ml beaker. Added 5 ml H2SO4–HNO3 mixture
(2 parts:3 parts) and placed it on the hot plate. Added 2.5 ml
HCl and covered it with a watch glass. Heating was continued
until the oxides of nitrogen vapours were completely driven off
and then remove the cover. Evaporated the contents to dryness
in an uncovered beaker till white sulphurous fumes were driven
off. Cooled and added 2.5 ml HCl. Covered the beaker and left
on hot plate at 50 C to 60 C. Again added 5 ml of H2SO4–
HNO3 mixture (2 parts:3 parts), heated as above and evapo-
rate to dryness. Added 0.25 g ammonium nitrate and 2.5 ml ni-
tric acid and the contents were shaken, covered and heated to
decomposition. It is evaporated to dryness after uncovering the
beaker. The residue was dissolved in 5 ml HCl, heated at 60 C
and added 5 ml or sufﬁcient water to dissolve the iron and alu-
minum sulphate completely. Cooled and ﬁltered into 25 ml
Table 1 Sampling sites and laboratory codes of soil samples.
Sr. No. Sampling site Station Lab. code
1 1 Sargodha NDS-1
2 2 Faisalabad NDS-2
3 3 Lahore NDS-3
4 4 Gujranwala NDS-4
5 5 Gujrat NDS-5
6 6 Okara NDS-6
7 7 Chakwal NDS-7
8 8 Abottabad NDS-8
9 9 Jhelum NDS-9
10 10 Sheikhupura NDS-10
11 11 Vehari NDS-11
12 12 Pak Pattan NDS-12
13 13 Mandi Bahauddin NDS-13
14 14 Rahim Yar Khan NDS-14
15 15 Mardan NDS-15
16 16 Johrabad NDS-16
17 17 Jamshoro NDS-17
18 18 Bahawalpur NDS-18
19 19 Quetta NDS-19
20 20 Tandojam NDS-20
21 21 Larkana NDS-21
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10% HCl and made up the volume. A blank was also
prepared.
2.3.3. Hydroﬂuoric acid–perchloric acid method
Soil sample of 0.5 g (100 lm grind) was placed in a Teﬂon bea-
ker. Ten drops of distilled water, 5 ml HClO4 and 5 ml HF
were added to the sample. The sample was left for sixteen
hours and then heated on sand bath (50–60 C) to dryness.
Added further 5 ml of HF and 5 ml of HClO4, and heated to
dryness. Completed the attack by adding another 2.5 ml of
HClO4 and heating to dryness for elimination of HF. Took
up the residue in 10 ml water, 2.5 ml of HCl and heated on
sand bath for several minutes to dissolve the residue com-
pletely. Made up the volume to 25 ml. A blank solution was
prepared as well.
SRM soil solutions with blank were prepared under the
same conditions with above mentioned digestion procedures.
3. Results and discussion
Pakistan, located between 23350–37050 Latitude and 60500–
77500 E Longitude, has very much varied geological constitu-
tion. The aim of this study was to show the effectiveness of the
method in the determination of acid-leachable metals and total
dissolution method for estimation of Zn in Pakistani soil. For
this purpose twenty-one soil samples were collected from var-
ious cities of the country for analysis. Soil samples collected
from different eco-sites of Pakistan are depicted in Fig. 1,
and its sampling sites with laboratory codes are presented in
Table 1.
The leaching of soil with a variety of different reagents and
the determination of essential elements in the leachates has
been used successfully for decades for determination of total
concentration of Zn in the presence of hydroﬂuoric acid and
perchloric acid for the diagnostic purposes of plant growth dis-Figure 1 Map showing location of soil samples.turbances and diseases of animals (Welz and Sperling, 1999).
However, this digestion procedure was relatively time consum-
ing and digestions in hydroﬂuoric acid or perchloric acid being
dangerous required special safety measures. Owing to these
problems, instead of a total digestion, it is more usual in envi-
ronmental analysis to perform leaching methods. The leaching
method was preferred because the usually expected element
concentration in soils was so high for numerous analytes that
the sensitivity of FAAS was fully adequate.
A six point standard curve at 0.1, 0.2, 0.3, 0.4, 0.5 and
0.6 lg ml1 gave an R2 value of >0.996. Zn determination
with the three procedures studied can be compared, by observ-
ing the results presented in Table 2. Results are the mean value
of triplicate analysis (at least) with precision in parentheses.
Low values in leaching methods could be due to incomplete
decomposition of sample indicated by the appearance of white
mass in few solutions (HNO3–H2O2). It is well known to chem-
ists that presence of sulphuric acid reduced the sensitivity of
metal detection. In a comparison with the leaching methods,
HF–HClO4 digestion procedure achieved greater accuracy.
Previously it was presumed that total dissolution using HF–
HClO4 method would underestimate total Zn concentration
in soils. However such a pattern was not observed for the
SRMs (Table 4). The comparable values in soil samples ob-
tained by HNO3–H2O2 and HNO3–H2SO4–HCl method indi-
cated that both procedures were equivalent to leach Zn
contents in soil. However, HNO3–H2O2 procedure indicated
an obvious advantage over HNO3–H2SO4–HCl as it consumed
shorter time and less amounts of reagents for sample prepara-
tions and in turn analysis. The divergence in concentration of
Zn in soils among the three methods may be attributed to the
ubiquitously occurrence of Zn in environment, soil matrices,
digestion methods, as well as origin of the soils (anthropogenic
vs. natural deposits). Table 2 revealed that Zn concentration in
soils of different eco-sites of Pakistan lied within the range of
average natural level.
The values of zinc ranged between 14 lg g1 and 77 lg g1
with nitric acid–hydrogen peroxide method, 25.0 lg g1–
Table 2 Concentrationa (lg g1) of Zn in soils studied after
applying three digestion procedures.
Soil Digestion procedure
HNO3–H2O2 HNO3–H2SO4–HCl HF–HClO4
NDS-1 54.0 (1.0) 87.5 (4.7) 147.5 (2.2)
NDS-2 45.0 (2.1) 52.5 (3.4) 181.2 (3.7)
NDS-3 72.3 (3.7) 73.7 (1.9) 198.7 (3.2)
NDS-4 60.6 (2.8) 52.5 (3.4) 185.0 (1.8)
NDS-5 74.3 (3.5) 70.0 (2.8) 143.7 (2.3)
NDS-6 31.0 (4.2) 47.5 (3.7) 125.0 (2.6)
NDS-7 32.5 (2.6) 35.0 (4.5) 83.7 (2.4)
NDS-8 75.0 (3.5) 67.5 (2.9) 140.0 (2.3)
NDS-9 68.0 (4.3) 70.0 (2.8) 140.0 (4.7)
NDS-10 26.3 (3.2) 25.0 (4.5) 93.7 (2.2)
NDS-11 50.3 (1.9) 62.5 (3.0) 80.0 (3.8)
NDS-12 51.0 (1.0) 42.5 (4.0) 91.25 (4.4)
NDS-13 52.0 (3.6) 57.5 (3.2) 68.7 (2.8)
NDS-14 43.0 (3.6) 45.0 (3.1) 66.2 (2.9)
NDS-15 77.0 (2.5) 82.5 (2.4) 93.7 (2.2)
NDS-16 34.0 (2.7) 47.5 (3.7) 88.7 (2.3)
NDS-17 33.5 (2.9) 45.0 (3.8) 68.7 (2.8)
NDS-18 14.0 (2.7) 25.0 (3.4) 27.5 (2.7)
NDS-19 44.3 (4.4) 65.0 (2.9) 68.7 (2.8)
NDS-20 73.0 (3.7) 72.5 (2.7) 88.7 (2.3)
NDS-21 55.0 (3.4) 47.5 (3.7) 91.2 (2.2)
a Results are expressed as mean concentration with RSD (%) in
parentheses.
128 W. Yawar et al.87.5 lg g1 with sulphuric acid–nitric acid method and 27.5 lg
g1–199 lg g1 with hydroﬂuoric acid–perchloric acid method.
The values by all the three methods lie well within the range of
values of worldwide non-contaminated soils i.e., 10–300 lg
g1, dw (Simon-Hettich and Wibbertmann, 2005). The data
of Zn values in Pakistani soil (Table 2) may be useful in assess-
ing its soil background levels. Generally, the main source of
variation for elements in different samples is the parent mate-Table 3 Comparison of Zn level (lg g1, dw) in soils with other re
Region Zn level (lg g1, d
Worldwide, non-contaminated soils 10–300
Austria 120ª
Canada (Ontario) 4–288
China 100 (9–790)
Florida 1.3–50
Germany, rural area 85a
Germany, Rhine-Main plain 3–30
Germany, urban industrialized area 311a
Italy 14.7–98.1
Poland, heavily industrialized region 27–10000
Turkey 189b
Ukraine, Poles’ye 14–95
United Kingdom 5–816
United Kingdom, Scotland 58a (<0.7–987)
USA 24.7–612.8
USSR, Eastern European Plain 25–120
Pakistan (HNO3–H2O2 digestion)
(HNO3–H2SO4–HCl digestion)
(HF–HClO4 digestion)
(14–77) 51a 50.78b
(25–87.5) 52.5a 57
(27.5–198.75) 91.2
a Median.
b Average.rial and natural, uncontaminated background levels of zinc
which varied within different cities due to differences in geo-
logic parent materials just like the soils of other countries. A
geologic map of an area under study is an important predictor
of the concentration of many inorganic elements in the type of
soils. The values indicated that the main concern was about the
likely inclusion of contaminated soils in the survey of ‘‘back-
ground’’ resulting in a falsely high concentration to be taken
as acceptable background. Thus extreme care is needed to en-
sure that selected sampling sites are not contaminated.
There is a difference between the total Zn concentration
and the dissolved Zn. However, there is no relationship be-
tween total Zn concentration and the uptake of Zn by organ-
ism. It is the bioavailability of Zn contents, which has
ecological signiﬁcance as Zn is bound to the soil complex (clays
and organic matter) depending on different physicochemical
soil factors such as pH and organic matter contents (Luis,
2001). The acid-leachable metal contents are one of the most
powerful measures of the hazardous nature of soil sample,
which in turn is the main regulatory factor in the soil system
because plant roots and soil organism are exposed to it (Vaisa-
nen and Suontamo, 2002). Keeping in view these factors, it is
important from analyst’s point of view, to test the validity of
the proposed analytical procedure and further improve the
analytical methods used in the determination of acid-leachable
elements with toxic effects in the environmental matrices.
Zn in soil is distributed between the following fractions: dis-
solved in soil water, exchangeable bound to soil particles,
bound to organic ligands, occluded in secondary clay minerals
and metal oxides/hydroxides, and present in primary minerals.
Soils high in clay or organic matter have higher zinc adsorp-
tion capacities than sandy soils with a low organic content
(Shuman, 1975). Since Pakistan is a developing agricultural
country with varied geochemical soil, hence a comparison of
Zn level in soil samples in present series of analysis is presented
in Table 3 with reported values of other regions of the world. It
is clear from Table 3 that our values lie well with in the rangegions of the world.
w) References
Simon-Hettich and Wibbertmann (2005)
Weiss et al. (1994)
Dudka and Chlopecka (1990)
Simon-Hettich and Wibbertmann, 2005
Ma and Rao (1997)
Simon-Hettich and Wibbertmann (2005)
Simon-Hettich and Wibbertmann (2005)
Simon-Hettich and Wibbertmann (2005)
Bargagli et al. (1991)
Chlopecka et al. (1996)
Guvence et al. (2003)
Simon-Hettich and Wibbertmann (2005)
Simon-Hettich and Wibbertmann (2005)
Simon-Hettich and Wibbertmann (2005)
Keane et al. (2001)
Simon-Hettich and Wibbertmann (2005)
.20b
5a 108.21b
This study
This study
This study
Table 4 Result of Zn (lg g1) from the analysis of IAEA Soil-
5 and IAEA Soil-7.
Digestion Measured valuea Certiﬁed
value
Percentage
recovery
IAEA Soil-5
HNO3–H2O2 362 ± 15.5 (4.3) 368 98.4
HNO3–H2SO4–HCl 342 ± 13.0 (3.8) 92.9
HF–HClO4 337 ± 13.3 (3.8) 91.6
IAEA Soil-7
HNO3–H2O2 102 ± 1.5 (2.6) 104 98.1
HNO3–H2SO4–HCl 100 ± 2.6 (4.6) 96.2
HF–HClO4 107 ± 1.2 (2.4) 102.9
a Mean concentration ± standard deviation (n= 6) with RSD
(%) in parentheses.
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Zn concentration.
3.1. Accuracy of results
Two standard reference materials IAEA SRM Soil-5 and
IAEA Soil-7 were analyzed under same experimental condi-
tions for the validation of method. The quality of analytical
data obtained for three digestion procedures was assessed by
analysis of SRMs IAEA Soil-5 and Soil-7, which were digested
simultaneously with the soil samples. It is clear from inspection
of Table 4 that the measured values are comparable with the
certiﬁed values of SRMs indicating that employed method
was fairly accurate and speciﬁc. The percent recoveries of Zn
in SRMs IAEA Soil-5 and Soil-7 lied well within the range
91.6–98.4 and 96.2–102.3, respectively.
4. Conclusions
In the proposed studies, three procedures for Zn determination
offered good precision with value lower than 4.7%. Analyzing
SRM IAEA Soil-5 and Soil-7 assessed the quality of data.
From the result, it can be concluded that both leaching meth-
ods were efﬁcient for Zn measurement, where as total dissolu-
tion method gives information for all metal contents.
Therefore, from an investigative point of view the two leaching
methods can be used in similar way for hazardous nature of
soil sample. From the resulting data, it is suggested to adopt
a single procedure for the determination of Zn metal with less
time consumption and minimum chemical reagents require-
ment, i.e., HNO3–H2O2 because it rendered the comparable
information.Acknowledgments
The authors would like to thank Muhammad Tufail and Tan-
veer Ahmad for their technical assistance in atomic absorption
spectrometric measurements.
References
Abdu, N., Yusuf, A.A., Abdulkadir, A., Arunah, U.L., Chude, V.O.,
Pam, S.G., 2007. J. Agron. 6 (1), 179–182.
Adiloglu, A., Kursun, I., 2003. Eurasian Soil Sci. 36 (5), 519–524.
ATSDR, 2005. Toxicological Proﬁle for Zinc, US Department of
Health and Human Services. <http://www.atsdr.cdc.gov/
tfacts60.html> (accessed 16.06.08).
Bargagli, R., Barghigiani, C., Siegel, B.Z., Siegel, S.M., 1991. Sci.
Total Environ. 102, 209–222.
Bodar, C.W., Pronk, M.E., Sijm, D.T., 2005. Integr. Environ. Assess.
Manage. 1 (4), 301–319.
Chlopecka, A., Bacon, J.R., Wilson, M.J., Kay, J., 1996. J. Environ.
Qual. 25, 69–79.
Dudka, S., Chlopecka, A., 1990. Water Air Soil Pollut. 51 (1–2), 153–
160.
Guvence, N., Alagha, O., Tuncel, G., 2003. Environ. Int. 29 (5), 631–
640.
Hertel, R.F., Maass, T., Muller, V.R., 1991. Environmental Health
Criteria 108, Nickel, WHO. <http://www.inchem.org/documents/
ehc/ehc/ehc108.htm> (accessed 27.06.08).
Keane, B., Collier, M.H., Shann, J.R., Rogstad, S.H., 2001. Sci. Total
Environ. 281 (1–3), 63–78.
Luis, E., 2001. Would the Zinc in Soil be Attracted to a Magnet
Planted in the Soil. <http://www.madsci.org/posts/archives/2001-
03/985456353.Es.r.html> (accessed 07.05.08).
Ma, L.Q., Rao, G.N., 1997. J. Environ. Qual. 26, 259–264.
Petersen, L.S., Larsen, E.H., Larsen, P.B., Bruun, P., 2002. Environ.
Sci. Technol. 36 (14), 3057–3063.
Puranik, P.R., Paknikar, K.M., 1997. J. Biotechnol. 55 (2), 113–124.
Sandstead, H.H., Au, W., 2005. Handbook on the Toxicology of
Metals, third ed. Academic Press, Denmark, p. 928.
Shuman, L.M., 1975. Soil Sci. Soc. Am. J. 39, 454–458.
Simon-Hettich, B., Wibbertmann, A., 2005. Environmental Health
Criteria 221, Zinc. <http://www.inchem.org/documents/ehc/ehc/
ehc221.htm> (accessed 29.05.08).
Thomas, D.W., 1991. In: Merian, E. (Ed.), Metals and Their
Compounds in the Environment. Wiley, Weinheim, pp. 1309–1342.
Vaisanen, A., Suontamo, R., 2002. J. Anal. At. Spectrom. 17 (7), 739–
742.
Weiss, P., Riss, A., Gschmeidler, E., Schentz, H., 1994. Chemosphere
29 (9–11), 2223–2236.
Welz, B., Sperling, M., 1999. Atomic Absorption Spectrometry, third
ed. Wiley, Weinheim, p. 531.
